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Excretion of Nicotine and its Metabolites in Dog and Monkey Saliva. 
Tsujimoto, Akira,- Kojina, Sekizo, Ikeda, Masahiko, and Dohi, Toshi¬ 
hiro. (1972). Toxicol. Appl. Pharmacol. 22, 365 -374. Salivary and plasma 
levels of unchanged nicotine and total radioactivities (nicotine and its 
metabolites) were determined sequentially at short time intervals following 
tv injection of ! H-labekd nicotine (100 /tg/kgi to dogs and rhesus monkeys. 
Immediately after the drug injection, high concentrations of nicotine ap¬ 
peared in parotid and submandibular saliva induced by pilocarpine infusion 
or by auriculotemporal nerve stimulation. Excretory patterns of nicotine 
and total radioactivities in both glands were almost similar but were 
significantly different between the 2 species. Nicotine was excreted more 
readily in dog saliva than monkey. The salivary: plasma concentration 
ratios for nicotine were higher than those for total radioactivities in both 
species. Nicotine seems to be more readily excreted in saliva than its metabo¬ 
lites. The concentrations of nicotine and total radioactivities in saliva were 
independent of variation in salivary How rate and were not affected by the 
method of stimulation. The chromatographic patterns of parotid and sub¬ 
mandibular saliva resembled those of plasma in the same species. Chromato¬ 
graphic studies showed that most of the administered nicotine appeared in 
plasma and saliva in the form of cm mine 5-60 min after the injection. ! 11- 
N&iotine:total 'VH-radioactivity concentration ratioslTl-nicotine: total ’l l) 
of both saliva and plasma in monkeys were lower than those in dogs. The 
times at. which ’H-nicotine: total -H I ratio became 0.5 in plasma and saliva 
were very short (2-9 min); in addition, those in monkeys were short relative 
to dogs. 

It has been reported that nicotine induces salivary secretion (Larson « v «/., 1961 j and 
that a high level of nicotine and its metabolites persist longer in the salivary glands than 
in other tissues ( Hansson and SchmiterKHv, 1962; Yamamoto ct ai. j 968). On the other 
hand, it has been demonstrated that the rhesus monkey was 5 10 times less sensitive 
than the dog to the effects of nicotine on gastrointestinal contractility (Hug and Bass. 
1970). The rates of nicotine excretion by way of the kidney and the nature of the 
metabolites of nicotine have been studied in the dog < Larson ct nl., 1961; Larson and 
Stivette. 1968). 

* This study was aided by a gram from the American Medical Association Education and Research 
Foundation. . 
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366 TSUilMOTQ ET At . 

Salivary excretion of drugs and other substances foreign to (he body is well docu¬ 
mented. There has been no report on the salivary route of nicotine excretion, In studies 
on the salivary route of drug excretion, samples can be obtained sequentially at short 
time intervals. 

The present report describes kinetic studies on excretion of nicotine and its 
metabolites by the salivary route compared to plasma levels in dogs and monkeys after 
tv injection of small doses of nicotine. 

METHODS 

Radioactive nicotine. Mf-laheied nicotine (324-390 niCi/moie) was obtained from 
Radiochemical Centre, Amersham, The compound was identical to authentic, non- 
rad inactive, redistilled nicotine in its absorbancy spectra (%,„ 259 nm) and its R f value 
on paper chromatograms. The labile tritium was removed by extraction of the *H- 
nicotine from an alkaline aqueous solution in the u-hexane (as described below). The 
3 H-nieotme was recovered in aqueous solution by extraction of the hexane with 0.1 is 
HQ solution. 

The Mi-nicotine was diluted with nonradioactive nicotine to provide a total dose of 
about 10 jttCi of 3 H per kg of body weight, and in some cases in which chromatographic 
studies were carried out, the J H-nicotine was diluted to provide about 80 of M i per 
kg of body weight. 

Estimation of radioactive nicotine. M-f-nicoline was estimated by the methods of Hug 
(1970). Aliquots of 0.1-0.2 ml of plasma and saliva were transferred to glass stoppered 
50 ml centrifuge tubes containing 0.2 ml. of nonradioactive nicotine base (2.5’mg/ml). 
The pH was adjusted to over 9 with a few drops of ammonium hydroxide reagent to 
which ! ml of 40% K ?PQ 4 was added followed by 10 ml of n-hexarse. The mixture was 
shaken for 30 min at 280- 300 oscillations per min and centrifuged at 3000 rpm for 3 min. 
From each sample, 8 mi of the organic phase was transferred to 20 ml scintillation- 
counting vials, and 8 ml of a toluene phosphor solution (containing 6 g of 2,5-diphenyl- 
oxazofe (PPO) and 200 mg of i .4- bis-2-<5-pheny ioxazolyDbenzene (POPOP) dissolved 
in I 1'of analytical grade toluene) was added. Samples were counted in a liquid scintil¬ 
lation spectrometer (Packard Model 3320 or Aldka LSC-601). Recoveries of 50-1000 tig 
of 'H-nicotine added to plasma averaged 99 ± 0.9% <SE, n = 13) and added to saliva 
were 97 ± 1.3% (SE, n *yI4). 

Estimation of total radioactivity. Aliquots of 0.05-0.1 ml of saliva were transferred 
scintillation-counting vials: then 10 ml of a toluene phosphor solution containing etha¬ 
nol (mixture of 3 volumes of ethanol and 7 volumes of the toluene phosphor solulirao 
was added. Aliquots of 0.1 ml plasma were transferred to scintillation-counting \ 
containing 0.5 ml of glass .distilled water. Then 10 ml of InstageJ (obtained fro.n 
Packard Instrument Co.) was added. Readings of cpm were converted to dpm by 
external standardization. 

Chromatographic studies of samples containing nicotine.. The sample was applied to 
Whatman No. 1 chromatographic paper along with authentic nicotine and eotimno 
which were diluted with saliva, or water as standards; ! ml of plasma samples was 
deproteituzed by the addition of 0.19 ml of 30% trichloroacetic acid and adjusted to 
pf I 7 wish 1 N NaOH. Chromatograms were developed .in either the “acid system"' 
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salivary: rxcrd-uiON or mV i ■ (. : 

Cser-butanol-90% formic acid-glass distilled; waier 7 '5 i 1. ; .- ...... 

tem (0.5 n ammonia Water—95 % ethanol-/i-butanol 1:1 : i .4 v/v) using tli <!■ wending 
method as room teinp^Ytiure (18-25’C) in the dark (McKenriis et, al : , ik-'- 
. Autbehtic compounds were localized, on.dry chromatograms' by .visualization by 
spraying with a 2 % w/v solution of p-aminobenzoic acid in ethanol followed, by exposure 
of the:Chromatograms, to cyanogen bromide vapor / McKennis - 1962). The A/ 

value. ; was calculated for the most central point of the colored nr. 

Scanning chromatograms for radioactivity involved cuilir, >ai iiapat.li of migration 
<2.2..cnvtn width) and dividing it lengthwise into J cm section 1 .section was placed 
in a scintillation counting vial; 1.0 ml of the toluene pho-nhor solution containing 
ethanol Was added, and .the radioact ivity was determined ..The average cpm were plotted 
againsl cm of migration from the origin. The A 5 , value for an area of racljoac.tivity was 
calculated using the centimeter section containing the highest cpm. 

Animal experiments. Dogs, 7 12.kg, and rhesus monkeys of either sex, 3—4 kg, were 
anesthetized by ip injection of pentobarbital (30 nig<kg)! Subsequent small doses of 
pentobarbital were given in order to maintain the anesthesia when necessary. The 
trachea was exposed and eannulated. Two parotid and 2 submandibular ductswere 
cannuiated using polyethylene tubing. Salivary secretion was evoked by iv injection of 
100 jag/kg of pilocarpine followed by infusion.of 200-400 pg/kg /m i i,ui. I.i some cases, 
the peripheral cut end of the auriculotemporal nerve was electro . 51 i ululcd using 
bipolar platinum electrodes with submaxi mai shocks of 2 msec du. mi i < 10 Hz. T he 
saliva secreted for every I min was collected separately in a test tube..blood samples 
were obtained through polyethylene tubing inserted imojhe.femorai artery-.The first 
several drops of each blood sample were discarded since it represented ' lugnani blood 
from the tubing. The blood was placed in tubes containing heparin, ' .wci gently 

avoid hemolysis and centrifuged. 'yj 

When the salivary How reached a steady level, radioactive nicotine was injected iv vi.i 
polyethylene tubing which was inserted into the femoral vein for 10 see, It was followed 
by infusion of 2-3 ml ol saline. Zero time was marked at the point of completion oft lie 
nicotine injection. : . 

RESULTS „ , v , . 

Salivary Server ion Produced hr Pilocarpine 

Alter iv injection of I Oh /tg/kg of pilocarpine, prominent salivary flow from dog 
salivary glands was observed. About 5 min after, beginning of the infusion of.200 fly.; kg/ 
60 min.-of .pilocarpine, the salivary flow reached a.steady level. Dog submandibular 
salivary flow was 15 25 drops (380-650 ;.d) per min. and the parotid salivary How was 
12-20 drops (300 500 /d) per min, The dog submandibular salivary flow was a little 

higher than the parotid salivary flow. ” .• ’ 3 •- -A ' v.3; - 4 -'-v.-: /-■; ■; 

Monkey galiyary glands were found.to be.about.2.times less, sensitive to.pilocarpine' 
than dog salivary glands; vjy. 20 p-g/kg produced obvious salivary flow in dogs, bill in 
monkey 40 /^g/kg was needed to prod nee obvious salivary flow. The doses of pilocarpine 
infused: were..increased to 400 /ig/kg'60 min in monkeys.’.Under (he nViusidnofpi hi/- ' 
carpi ne r monkey su b ma nd ibula r salivary flow was 4 -6 drops {! 00- i'50/t if per m in’, a rid 
the parotid flow was 6.-8 drops (150 200 ;./!) per min. The monkey submandibular 
salivaryfldw,was lower iban the parotid. .... ... ' 
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In dogs and monkeys, the Lv injection of it'X'f r 
acceleration in the submandibular and parotid so.--;.' 
infusion of pilocarpine, which was followed by a depr. 
for i to ca. 4 min and then.recovered to the control Sr. 


‘ g of nicotine -caused a t-Tflu 
i■ m induced by the continuous 
ion of 10-30% of control fe-vl 
[ in about SO mid. Nlcotirw - T 


lirst augmented and then depressed the dog parotid secretion induced by auricu’n- 


temporal nerve stimulation. 


Excretion of Nicotine in Dogs 

The levels of unchanged -ft-nicotine and total Ti-radioactivities in saliva, after iv in¬ 
jection of 100/ig/kgof ^H-nicotinc to dogs are shown tit Fig. h The concentrations of 
nicotine and total radioactivities in the submandibular saliva were highest for a 1-2 min 




F(« ;, f. Levels of ’H-nicotine and of total T-i-radioactivity in dog parotid and submandibular saliva 
following iv injection of J H*me6tii« (J00 ,ug/fcg). Each bar represents the mean & SR of 6 experimental 
values. 


period after the nicotine administration. After that, concentrations of nicotine were 
rapidly reduced with time up to 4 min and then reduced slowly. The nicotine.excretion 
pattern in the parotid glands was similar to that in die submandibular glands. The con¬ 


centrations of nicotine and total radioactivities in the parotid saliva, however, were 
lower than those in the submandibular saliva. The concentrations in the parotid saliva 
front 0 to i min were 70% of those in the submandibular saliva. 

The relationship between salivary How rate and e-xndion of unchanged nicotine and 
total radioactivities in dogs was examined. Salt*. ;u' flow rate was changed over a range 


of ca. 100-1200 ftl/min by alteration of pilocarpine < f - os infused or by varying condi¬ 
tions of electrical stimulation of auriculotemporal r.e r a. After changing the flow rate, 
the first 10 drops of saliva were discarded to rule oat the influence of the rate change 
transient proposed by Burgen (1964), The salivary concentrations of nicotine and total 
radioactivities were not affected by salivary flow rate. There was little difference in 
concentrations of nicotine and total radioactivities between the pilocarpine-induced' 
saliva and the saliva secreted by electrical stimulation of auriculotemporal nerve. 
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• .:.Th^!cuuiula(ive 'percentages of the. total administered do c i :|: r, " ; 1 

submandibular saliva for the. first 1 hr after the iijjeclion a\ rra./cd«>.: '■ 1 M » 

total radioactivity. 0.06 — 0.01 (d-SE) as unchanged nicotin. ■ i>-.1 (1 f 1 ' 1 ■ ’ 1 i 1 
total radioactivity'arid 0.19 0.04 as nicotine, respectively. 

Excretion of Nicotine in Monkeys 

Tbc highest concentration pi nicotine in the suhmandibi;I. ; ■ r. i . P a .• • ■ a 

ing'a 1—2 min period. After (his period, the concentra.tions„o.l .ni.cpj.mc. were rapithy 
reduced, with time up to lOmin and then reduced slowly t Fig.2). total ’34-radioactivities 
were increased with time up to 5 min and then r educed very slowly. I he nicotine 
excretion pal tern in the parotid glands was .similar to that in dye submandibular glands. 


MONKEY PAROTID SALIVA 



Concentrations of nicotine and total radioactivities in parotid saliva, irowevei. . '■■'■eye. 
' low"relative to those in submandibular saliva. The concentrations in the parotid saliva 
from 0 to 1 min were 40% of those in the submandibular saliva. ... _ 

The cumulative percentages of the total administered close recovered in parotid and 
submandibular saliva for the first 1 hr alter.the injection avcrag.v _L 0.06 as total, 
radioactivity, 0.07 ± 0.01 as nicotine, and 0.26 ± 0.0i as loin. I r. du activity. 0.0 / - Q.01 
as nicotine, respectively. 

Nicotine Concentration in Saliva and in Piasma 

The nicotine concentrations in dog and monkey parotid saliva were loy.yi Jnu 1 ■ " 1 
in piasma during the period observed alter the nicotine administration. Submaa ” 
saliva in dogs had much higher concentrations of nicotine than m pkt'ne ■ biv 

in monkeys ii hud lower concentrations during the iiosi. 3u i : r - ■ ‘' ’ '' ■ r . i ; \ ■ . a •» 
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and had slightly higher concentrations at the later tin u- poi %-.l :n;.ii il.in p.-.t I 1 
contents of total radioactivities in the. parotid and submandibular saliva were low rela¬ 
tive to those in plasma in both species "during the period observed.. 

'The salivary: plasma concenti. -i >. ios (StP ratios) lor nicotine and total ratlio- 
ucdvities.in dogs and monkeys ■ ■ -pi c-ented in Fig. 3. t he time course ol S: P ratios 

for total radioactivities was.simid: n in fh. glands, 'vm i. i i-iicantly different be¬ 

tween the 2 species. At. earlier in : • f , - lii.in), the S i i t ;«' i• ■ i total radioactivities 
were about 1 in. dogs but were..)] n< li r in monkc■■■■■■ v 11 ! 
for submandibular saliva). Aaod.a v the S: P : I • 11 

monkey rapidly increased with time up to 7.5 mir, and if- a m 
those in dog rapidly reduced with time up to 7.5 mu. :md ih ; n 


paid saliva and.0.48 
.i! i-adioactiyitics in 
...i ....! i.i about 0.9; 
!■: .thOlil 0.0.' 
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i ig. A, Saliva i-yrptr.sn'.a eoiicenlnti r ■ . i itios tor .'.'i l-riicotih 
and mnnkejs following the injection of aH-nicoliiie. The 
animals as those in Figs, t and 2. 


dm 


-I I ; I 


A similar tendency could be observed in the time CC'U:: P . i" • 1 ' :; 

S:P ratios for nicotine were' significantly higher as compared i.pdbose'Jor'to I a.l radio¬ 
activities of both glands of dogs during the period observed. The S: P ratios' tor nicoi ine 
in monkeys also were higher than those for total rac ■ >..■.); -. n.. . ' eppt lor a lew points. 

Ihc unchanged -Tl-nicotine: total •'H-radioaeti ■. it; o n. a tration radios 1 IP 
nicotine: total '1 i) of parotid and submlmdi.bular.sal. a. jiv i ■ <; olv mu in monkeys were 
..lower than those in dogs af any time after admin; a i ■ | i"ii. I I. H-nicoltnc; toltd ’ H 
‘ ratios of parotid and submandibular saliva were higher than the ratios of plasma at any 
time in both species. The time at which t he ’ H-nicoi ine: total ’ll ratio been me 0.5 (siuni- 

fyirtg that nicotine and its metabolites were in equal ante i in i ■■ .n n i. : 


Chromatograms of Saliva and Plasma 

Chromatographic analysis 'was made of parotid^aud supmanuiuulai sairva, and 
piasma collected 5, 15 and 60 mill after iv injection of i 00 /ag of ' H-iiicotjne. Typical 
ch roam toe ram s of parotid saliva in both, species are shown in Fig. I. I he chromato¬ 
grams separate several radioactive compound's in addition to unchanged nicotine 1 he 
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SALIVARY EXCRETION OF NICOTINE 371 

TABLE 1 

Time at Which^H-Nicotine : Total *H-R - »a- iivny Ratio 
Becomes 0,5 in Poos and Monkeys Fou,- vino - nous 
Injection of 100 jug/kg of ^iS-Hirmr r" 

Time (min> 


Samples 

Dog 

Monkey 

Plasma 

4.2 

' 23 - 

Submandibular saliva 

9.4 

4.2 

Parotid saliva 

6.6 

4 A 


* These values were obtained from'the same animals as those 
in Figs. 1 and 2. 


chromatographic patterns and R f values were essentially identical for saliva from 2 dogs 
and 2 monkeys. The chromatographic patterns changed with time. Two peak areas of 
radioactivities found in paper chromatograms of the dog and monkey parotid saliva and 
plasma at 5 min were developed in the acid and base solvent system: these corresponded 


MSB 3YSTEK 
5 Hill PftflTl-) WLIW 




EAS€ SVSTEtt 


5 t'lH MUHIG VfclM 




w flirt room jfiivft 



CFhTtKf:7t F-v. t StcH dHdih 


FiO- 4, Ri.U'Uoyctivity sctuv> of pspci 1 e I i t* o tn a it jgva ? n $ of |xuv>i id sultva from a (log pnd a monkey 5 r 
15, and 60 min following iv injection of 3 H-nicotine (100 pg/Kg). fck>ii J and open block bars represent the 
location of dye-colored spots of authentic nicotine and cot chine, respectively, used as standards. Nttm* 
bers over radioactive peaks indicate R f values. Arrows indicate Kotwnr from. 
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in Rf values to those of a uthentic nicotine arsd cotUtJns. The peak areas of radioactivity 
corresponding in R t to that of authentic nicotine decreased with time. The peak areas; 
corresponding in Rf to that of authentic cotinine increased at. f 5 min and then reduced 
at 60 min. The peak areas corresponding in R r to that of colininc at 5 and 15 min in 
monkeys were higher than those in dogs, but the peak area at 60 min in monkeys watt 
lower than that in dogs. 

Rf values for radioactive areas in chromatograms of the dog parotid saliva developed 
in the base system were about 0.15,0.24,0.34,0.40, 0.49,0.60,0.67.0.76 and 0.88. The 
Rf values in those of monkey parotid saliva were about 0.15. 0.24, 0.31, 0.40. 0.49, 
0,54, 0.60. 0.67, 0.80 and 0.90. The chromatographic data suggest the presence of as 
marry as 8 different metabolites in dog saliva and 9 in monkey saliva. No positive identi¬ 
fication was made since authentic samples of probable' metabolites were not available. 
The chromatographic patterns of submandibular saliva resembled those of parotid 
saliva collected in the same species at the same time, in general, the chromatographic 
patterns of plasma, developed in the base system, resembled those of saliva in the same 
species at the same time except for a few points, viz., in plasma the areas of radioactivities 
corresponding in R f values to those found at about 0.60 and 0.67 in saliva were not 
dearly separated, and in monkey plasma radioactive areas were detected at about 0.08 
but not at 0.15. 


DISCUSSION 

At very short times (9-1 min} after nicotine injection, total radioactivities consisting 
mainly.of unchanged nicotine appeared in the submandibular and parotid saliva of both 
species. The concentrations of unchanged nicotine and total radioactivities in sub¬ 
mandibular saliva in dogs and monkeys were higher than those in parot id saliva in both 
species, especially in early time. These results show that nicotine and its metabolites 
cross submandibular epithelium into saliva more readily than parotid epithelium in bosh 
species. At early times (0-2 min}, the concentrations of nicotine in parotid and sub¬ 
mandibular saliva of dogs were higher than those in parotid and submandibular saliva 
of monkeys, respectively. S:P ratios for nicotine in parotid and submandibular saliva 
of dogs fit 1.5 and 3-5 min. were higher than those in both saliva of monkeys at the same 
time. These results show that nicotine more rapidly crosses the salivary epithelium of 
dogs into saliva than in monkeys. 

The 3: P ratios of both glands for nicotine were significantly higher than those for 
total radioactivities in dogs and in monkeys, except for a few- points. l\ is possible that 
nicotine crosses salivary epithelium from plasma into saliva more readily than its metab¬ 
olite. cotitiine. This consideration may be supported by the findings of Bowman et <?/. 
! 1964} that cotinine resided longer in the blood stream and was generally not taken up by 
tissues with the same speed as nicotine. Glandular epithelium consists of 2 compart¬ 
ments. basal and apical membrane. Borzelleea and Putney (1970), in agreement with 
the finding of Burgers (1956), suggested that the movement across the apical membrane 
Is the rate-limiting lipid diffusion step and will exhibit pH - dependence, and that the 


movement across the basal membrane, from the plasma into the epithelial cells, appears 
to occur by a process of diffusion through aqueous pores. The difference hi rate of move¬ 
ment across the salivary epithelium into saliva between nicotine and cotinine may, 
therefore: be related to lipid solubility of the 2 compounds. 
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SALIVARY EXCRETION OF NICOTINE 373 

In the present experiments, variation of salivary flow .rates from 100 to 1200 pi/min 
did not significantly change the concentrations of nicotine and total radioactivities gikl 
the S:P ratios. This is in agreement with findings for sulfonamides and barbiturates at 
flow rates of 40 to 2000 3000/{I/m in in cow and goat (Rasm ussen, .1964) and of 250 u> 
2100 ftl/min in man (Ktllntann and Thaysen, 1955b In the dog parotid saliva, conceit- 
trations of nicotine and total radioactivities did not differ with varying methods of 
stimulation. 

The chromatographic data show that the major part of administered nicotine 
appeared in plasma and saliva in the form of cotinine 5, 15 and 60 min after 
administration. Reduction of the peak area corresponding in R r to that of cotinine at 
60 min indicates further metabolism of cotinine (McKennis, 1965), In agreement with 
the finding of total radioactivities in saliva, the peak areas corresponding in R r to those 
of cotinine in saliva at 5 and 15 min in monkeys were higher than those in dogs. The 
limes at which *H-nieotine:total -*H ratio became 0.5 in plasma and saliva were very 
short in both species; in addition, those in monkeys were short relative to dogs. ’H~ 
Nicotine: total 3 H ratios of parotid and submandibular saliva and of plasma in monkeys 
were lower than those in dogs. Turner (1969) reported that significant amounts of coti¬ 
nine appeared in the blood 2.5 min after nicotine injection in cats. These results suggest 
that nicotine is destroyed extremely rapidly and that the rate of nicotine destruction in 
monkeys may be faster than that in dogs; this is in agreement with findings that nicotine 
metabolizing enzyme activities of monkey liver are higher than those of dog liver tun- 
published data from experiments now in progress in this laboratory), it has been shown 
that cotinine and other metabolites of nicotine are devoid of. or low in, many of the 
distinguishing pharmacological activities associated with the parent compound nicotine 
t Larson and Silvette, 1968). The quantitative differences -in responses to nicotine be¬ 
tween both species may partially result from different rates of metabolism. 
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